Abstract: Traditional ethics reflection centers the discussion in conflicts that affect humans. According to epistemology-based ethics, facts are needed to include other living beings as object of ethical consideration. In this sense, huge efforts have been made to demonstrate that animal suffering is real. However, the ethical reflection only reaches large vertebrates and some species of small ones, excluding invertebrates. However, a different approach (ethic-based epistemology) is equally valid and questions the assumptions of traditional ethics. This new insight does not demand facts to demonstrate that living beings should be considered ethically, since ethics should be first than epistemology (facts). Thus, all living beings should be treated with respect and a relationship based on empathy should be established. In this context, we discuss all the advances made in echinoderm research in the last 3000 years and the different uses humans made of these organisms. Finally we emphasize that, when studying echinoderms, a reflection about our behavior as researchers is necessary, and we encourage the use of ethically responsible research. Rev. Biol. Trop. 65(Suppl. 1): S11-S22. Epub 2017 November 01.
ETHICS AND NATURE
In general terms, ethics thinks on situations that involves some types of conflicts. There are several kinds of conflicts in science, but not all of them deserve ethical reflection. The most accepted criterion to establish the pertinence of an ethical reflection is if it affects humans in some way (Guariglia & Videla, 2011) . This point of view considers clearly that all humans' beings are considered as subject of moral concern (anthropocentric doctrine). However, this is not the same for other living beings (non-anthropocentric). In this sense, it is difficult to determine which living beings should be taken as object of ethical consideration. One approach is to establish if the living beings satisfy criteria for sentience or consciousness (capacity to have positive and negative experiencies) which involve behavioral, evolutionary and physiological considerations, using humans as a benchmark (Edelman & Seth, 2009 ). The arguments to determine which living being should be included into the field of ethical reflection are then supported by scientific facts (Chandroo, Yue, & Moccia, 2004; Griffin & Speck, 2004; Ellwood, 2011; Lewbart & Mosley, 2012; Mather, 2015) . This approach has been described as epistemologybased ethics (Cheney & Weston, 1999; Weston, 2009) and it assumes several points such as that only human are the subject of ethics, and that ethical theories can be adjusted to retrofit all new ethical conflicts. However, Weston (2009) has proposed the ethics-based epistemology approach. This approach focuses on the most obvious assumption of all: that the world consists of a collection of more or less given facts to which we must respond. Ethics then systematizes and unites these responses.
What would happen if actually, the necessary relation is inverted? What if the world we live in arises mainly from our ethical practice, rather than the epistemological practice? The main assumption of the ethics-based epistemology is that ethical action should come first (Cheney & Weston, 1999; Weston, 2009 ). Usually, to decide which organism is deserving of ethical practice first it is necessary to know if they are conscious (Edelman & Seth, 2009 ). However, we will have no idea which animals are actually conscious until we have already approached them ethically. Therefore, we propose that it is first needed to establish a respectful relationship with them rather than a facts-based relationship.
ECHINODERM THROUGH 3000 YEARS OF HISTORY
Echinodermata is a Phylum of deuterostomes that are exclusively marine invertebrates. They are diverse and widely distributed in all marine environments and play crucial roles in each environment (Brusca, Moore, Schuster, 2016) . The Phylum comprises approximately 7 000 species (Smith, 2005) and from the Ordovician (around 495-440 million years ago) their basic characteristics have not changed (Telford et al., 2014) .
Human knowledge regarding this Phylum goes far back to prehistoric times, since humans have consumed sea urchins throughout their history (Lawrence, 2007) . They are represented in artwork dating back 4 000 years in the "frescos cretenses". Sea cucumbers have also long been consumed and used for medicinal purposes in the eastern cultures (Brown & Eddy, 2015) . The most ancient description of an echinoderm was performed by Aristotle (350 B.C.E.), more than 2000 years ago, who described in Historia Animalium the feeding apparatus of the sea urchins, today known as Aristoteles' Lantern (Fig. 1A) . However, Aristotle knew the echinoderms as ostracoderms. However, 2 000 years had to pass until the nature interested the scholars of the times and animals were studied again. In particular, the name Echinodermata was coined by Klein in 1734 in its Naturalis dispositio echinodermatum ( Figure 1B, C) . Nevertheless, he only used it to refer to sea urchins and not all the classes known today. Linnaeus placed the genera Asterias, Echinus and Holothuria under the group Mollusca in the 10th Edition of Systema Naturae (1758). The term Echinodermata was used again in 1792 by Brugiere who recognized Fig. 1 . Primeras descripciones de equinodermos a lo largo de la historia. A) Portada de Historia Animalum escrito por Aristóteles, B) Portada de Naturalis dispositio echinodermatum escrito por Klein, C) Dibujo de erizo de mar hecho por Klein. these animals as a distinct group of invertebrates, but sea cucumbers were not included. However, later on Lamarck (1809) placed the Echinodermata together with the actual group Coelenterata in the Radiata groups of invertebrate. Over forty years had to pass until De Tornos (1839) and Salacroux (1840) used the term Echinodermata. Later on, in 1854 Leuckart, argued that Echinodermata did not belong with Coelelenterata due to its higher grade of structure. Since that time Echinodermata has been a single clade among the invertebrates.
Species description of Echinodermata dominated the literature since the XIX century, first with species inhabiting the coasts of Europe (i.e. Frey & Leuckart, 1847) , followed by species from all around the world due to the oceanographic expeditions. Since the XIX century oceanographic expeditions have not stopped. It would be extremely extensive to name every one of the expeditions and the papers produced from them, although the first's ones are worth naming since they were pioneer. The HMS Challenger and the Albatross were followed by hundreds all around the world, recently also exploring the deep sea species, in addition to all the intertidal and shallow water species (i.e. Agassiz, 1881; Théel, 1882; Agassiz, 1890; Clark, 1902; De Morgan, 1913) . Considering that for over 300 years echinoderms have been collected all around the world to describe species, determine their distributions and generate collections in museums it is possible to assume that several hundred thousands of echinoderms were collected and fixed without any ethical reflection.
Echinoderms are also used as experimental models, since the popularization of the microscope among scientists. From the middle of the XIX century, sea urchins embryos started to be used as animal models, because the gametes were easy to obtain and their optical transparency made this organism a great model. Dufossé and Derbès (1847) outlined the phenomena of fertilization and the development of the sea urchin embryo through metamorphosis. Even though the studies of these two authors appeared to be lost in the scientific literature (Briggs & Wessel, 2006) , sea urchins embryos were still used as models organism. Hertwig (1876) discovered that the sperm entered the female gamete and that the binding of the two produced an embryo in the sea urchin Toxopneustes lividus. Since then, sea urchin embryos were accepted as the best model for embryonic research and have been used to elucidate developmental issues such as mechanisms of fertilization, egg activation, cleavage, gastrulation and regulation of differentiation in the early embryo, as well as models in numerous types of studies ever since such us nervous system development, development evolution, regeneration, etc (i.e. Boveri, 1901; Dolmatov, 1988; Briggs & Wessel 2006; McClay, 2011; Garner et al., 2016 ; http://www.echinobase. org) ( Figure 2B ,C, D). During the beginning of the XX century, sea stars were added as model organisms. Metchnikoff (1893) first observed a cellular immune response in the bipinnaria larvae sea stars. After injury the ectoderm of the larvae, mesenchymal cells quickly migrated to the site of the injury. Moreover, he discovered that amoeboid cells had phagocytic activities of (Metchnikoff, 1893) . Despite this great discovery, the use of echinoderm larvae as model organism in immunology did not start until the XXI century ( Figure 2A ) (Pinsino, Thorndyke & Matranga, 2007; Furukawa, Funabashi, Matsumoto & Kaneko, 2012; Ho, 2015) . The ability to eviscerate and posterior regeneration of sea cucumber has made them excellent models in regeneration studies, as well as brittle stars and seastar since they can regenerate their arms (i.e. Candia-Carnevali, Bonasoro, Lucca, Thorndyke, 1995; Dolmatov & Ginanova, 2001; Candelaria, Murray, File, García-Arrarás, 2006; San Miguel-Ruiz & García-Arrarás, 2007; Mashanov, Zueva, Heinzeiller, 2008) . The technological advances and new tools available made echinoderms excellent model organisms for both scientific and teaching purposes (i.e. Eisen, 1995; Burke et al., 2006; www.Echinobase.org) . In most studies, individuals are often manipulated alive, sometimes lightly anesthetized with Cl 2 Mg in different concentrations.
Echinoderms are highly demanded in research and teaching without a real concern at the suffering and to the respect living beings deserve. This calls for a serious ethical reflection.
ETHICS BASED IN FACTS
In epistemology-based ethics, reflections are supported by scientific facts. Therefore, organisms first should have to satisfy criteria for sentience or consciousness using humans as benchmark (Edelman & Seth, 2009 ). Behavioral, evolutionary and physiological considerations must be taken in account according to this approach. Echinoderms are highly complex organisms. They are invertebrates that along with hemichordates, form a sister clade to Chordata, and together comprise the Deuterostomia ( Figure 3 ) (Swalla & Smith, 2008) . This relation is supported by evolutionary developmental biology, molecular phylogeny and nuclear and mitochondrial genomics (Halanych, 1995; Cameron, Garey, & Swalla, 2000; Perseke, Golombek, Schlegel, & Struck, 2013) . Even though the nervous system in this clade was always described as enigmatic and diffuse it is now know that echinoderms have a centralized nervous system, probably a plesiomorphic (ancestral) condition of the deuterostomia, highly developed and complex with presence of the major neurotransmitters that are found in mammalian brains (Mashanov, Zueva, Rubilar, Epherra, & García-Arrarás, 2016) . It is also known that sensorial organs are widely distributed through their body, for example they have statocysts that forms organs of equilibrium (Lewis, 1968; Ehlers, 1997) ; in sea urchins there is a spatial vision with reasonable acuity necessary for shelter and seeking and predatory avoidance (Yerramilli and Johnsen, 2009 ) and it has been suggested that there is a complex integrative functions since the entire sea urchin skeleton would function as a huge compound eye (Ullrich-Lütera, Dupont, Arboleda, Hausend, & Narnonec, 2011) . Chemoreception is found in many classes of echinoderms and trigger escape responses, aggregation and spawning events (Moore & Lepp, 1997; Campbell, Coppard, D`Abreo, & Thomas, 2001; Hagen, Andersen, & Stabell, 2002; Brewer & Konar, 2005; Raible et al., 2006; Mercier & Hammel, 2009 ). And even though there are yet no studies which have determine pain in echinoderm, there is evidence of nociception, the response to noxious stimuli (Campbell, Coppard, D`Abreo, & Thomas, 2001 ) and further research regarding this issue is necessary. However, the facts are that when echinoderms are taken outside of the seawater for measuring, weighting, extraction of gametes, dissection or fixation, animals start to lose seawater and respiration becomes difficult. The lack of oxygen and loss of liquid produces a loss of homeostasis in the organism, most probably followed by suffering and an agonizing death.
ETHICS BASED ON RESPECT
Even if we did not have these facts regarding echinoderms, we do have ethical values that can be applied to other living beings. These values are mainly focus on the respect for the value of life and the welfare of the organisms and they establish limits to our actions forcing us to establish a relationship based on respect to others living beings (Guariglia & Videla, 2011) . In the first place it is necessary to rethink if knowledge regarding the biology, physiology, ecology of animals are over the welfare of living beings and should generate an ethical response. To do as you would be done should be an important principle to leading treat living beings with respect (to feel empathy for living beings). This means to include not polluting their environment but avoiding (or minimizing) exposure to experimental conditions that might cause pain or suffering. This means implementing a holistic environmental ethics (Leopold, 1949) . The inability of echinoderms to explicitly communicate their state of being makes it extremely difficult to measure the suffering. However, there are clues that should be taken into account during manipulation and experimentation. These are loss of water, loss of movement outside the water, inability to turn over in the seawater, lack of movement inside the water, podia retraction, loss of spines, loss of turgence in the epidermis, inflammation of the dermis, decoloration (Jangoux, 1984; Hernández, Buckle, Guisado, Barón, & Estavillo, 2004) . Welfare measures would include careful capture, transportation, housing, feeding, health and finally in many cases killing the animals at the end of the experiment (Table 1) . In echinoderms welfare also includes ensuring that the aquaria are clean, adequate salinity and temperature, seawater in good conditions, proper feeding is considered, etc (Table 2) .
WHAT CAN BE DONE?
Science should not be halted since scientific progress is necessary for human welfare. However, we need to rethink how science is done and include empathy for living beings, which means that all living beings should be taken as object of ethical consideration. Throughout history aesthetics has been used as a fundamental stone to establish ethical boundaries. Although many species were endangered, only charismatic species were first considered to be protected due to their vulnerability (i.e. Panda, Whales, Chimpanzee). After the increase in the number (and complexity) of cases of animal experiments and manipulation, society started to pressure scientists to consider ethically more species (mainly small vertebrates), therefore, ethics were later used to regulate vertebrates as a whole in standard scientific procedures (i.e. Dess & Foltin, 2005) . Canada was a pioneer in applying regulations to use experiment animals through the Canadian Council of Animal Care (Council, 1984) , however it was restricted to non-human primates and mice. Only 10 years ago one group of invertebrates (cephalopods) were included in the ethical discussion. • Use latex/nitrile/neoprene gloves when collecting.
• Handle specimens very carefully to minimize damage to body structures.
• After extracting from the water rapidly place in a transportation chamber, minimizing the loss of wáter and change in temperature if animals are ripe take extreme cautions to avoid spawning.
Transportation
• Use an appropiate transport chamber. Do not crowed the transport chamber.
• Styrofoam chambers are recommended to avoid damaging the tube feet during transport.
• Temperature and oxygen must be maintained close to field values.
• Temperature is the main parameter to be controlled. Avoid permanent exposure to sunlight, dry ice pack can be used to keep seawater temperature stable.
• For long-distance transportation individual plastic bags with holes can be used to minimize damage, and to bring fresh seawater to add to individuals if necessary.
• If animals are ripe use individual plastic bag without holes to avoid spawning of all individuals.
• For sea cucumber, transport should be made in individual plastic closed bags.
• For transportation of juveniles or small size individuals, small tubes can be used to provide a refuge during transport.
Aquaria transfer • Do it slowly, let echinoderm acclimatize to temperature and transfer the animals to the aquaria with the water of the chamber. If animals will be kept in capitivy r long term, consider to implement a water-recirculation system to mantein stable water conditions. Whenever it is not possible, consider a periodic change of at least 15% of the aquarium water, to keep water parameters relatively stable.
• For infaunal sea cucumbers appropiate sediment from the field should be added to the aquaria.
Sacrifice
• Echinoderm should be anesthezied with Cl2Mg 7.5% in sea water for at least 10 minutes before fixation or disection. Menthol can be used to relax individuals to manipulate them but not to euthanize them.
This discussion derived in the development and application of specific protocols to be used when studying cephalopods (Vidal et al., 2014) . The basic principles to be taken into account for the welfare of animals used in research are the 3 Rs (Replacement, Reduction and Refinement) (Russel & Burch, 1959) . First, the substitution of the species should be considered (Replacement). For instance, the development of non animal research techniques (cell and tissue studies, new scanning methods, etc) and have lead to reduce the situations where animals are needed. However, if using animals is still necessary and for example and experiment that requires sampling of numerous specimens is to be done, the species with the highest population density has to be chosen and endangered species should be avoided. Then, if the species cannot be replaced then the number of individuals is to be considered (Reduction). For example, are 50 individuals really necessary or can the study be done with 20? Finally, we should minimize suffering and deaths and improve animal welfare (Refinement) (see www.nc3rs.org.uk for details). The development of appropriate specific standard protocols for performing experiments, manipulation and sacrifice are necessary. In the meantime these guidelines are to be followed to ensure the welfare of echinoderms (Table 2 and 
3):
Guidelines to handle echinoderms: Echinoderms must be handled very carefully during collection. First, when possible gloves are to be used to avoid possible infection (Scheibling & Stephenson, 1984) . After collection, echinoderms are to be kept in clean seawater at appropriate temperature and salinity, away from the sun and with aeration, when possible using a container that its able to maintain appropiate water temperature and aerate (i.e. http://www.hyparkspecialty.com/) to transport the organisms. When individuals are to be fixed for taxonomic identification, often relaxation is needed, menthol is frequently used and then individuals are fixed without being anesthetized. Since proper research regarding anesthetic for echinoderms is not available (Lewbart & Mosley, 2012) , Cl 2 Mg 7.5% should be used for at least 10 minutes. Even though there is no evidence that echinoderms will not feel pain with this solution, loss of movement is often observed (Van den Spiegel & Jangoux, 1987) . Individuals captured for experimental uses are to be transferred into the aquaria slowly, but first they have to be acclimatized to the temperature of the chamber and then relocated in the aquaria with seawater with adequate chemical and physical parameters. Closed re-circulating aquaculture systems (RAS) in the necessary scale are recommended (Grosjean, Spirlet, Gosselin, Vaitilingon, & Jangoux, 1998; Chen & Chang, 2015) . These systems should allow feces to be transported through physical, mechanical and biological filters to allow the reuse of water minimizing the levels of toxic compounds (ammonia, phosphate, nitrate) that can affect physiology, production, microbial defenses (Basuyaux & Mathieu, 1999; Lawrence, McBride, Plank, & Shpigel, 2003; Böttger & McClintock, 2009) . Echinoderms are ectotherms and stenohaline osmoconformers therefore respiration depends on the oxygen levels in the seawater. Temperature affects oxygen solubility and determines the temperature of the body fluids. Moreover, temperature and salinity determine the osmotic characteristic of the body fluids. For these reasons, dissolved oxygen levels are to be maintained at high level and temperature and salinity are to be kept in a narrow range (Stickle & Diehl, 1987; Hernández, Buckle, Guisado, Baron, & Estavillo, 2004) . Photoperiod is crucial, it determines gonadal cycles in many echinoderms (Mercier & Hamel, 2009) , and maintaining the photoperiod close to the season should be desirable. Animal density is important, in a crowded aquarium it is difficult to maintain proper seawater parameters and high densities often lead to a rapid spread of microbiological-based diseases (Sartori, Scuderi, Sansone, & Gaion, 2014) . Animal must be observed daily to detect individuals with signals of stress or diseases. Animal proper feeding is crucial and, to do so, basic knowledge of the species is needed. In starving experiments, individuals should not be maintained until death, at least not in large number and the Reduction principle is recommended. No experiences are to be made at least for a week after collection to minimize stress of the individuals. Disease sign Discoloration of epidermis surrounding the spines or dermis papules, loss of spines or pedicelarius, inflammation of dermis, loss of turgence, decoloration, muscular contraction, evisceration in sea cucumbers, autotomy of portion or entire arms.
• Jangoux, 1984 Stress sign Lack of movement, podia retraction, loss of spines, loss of turgence of the epidermis, inability to turn over, evisceration of gut in sea cucumber, loss of arms, decoloration of epidermis • Hernández et al., 2004 Proper protocol to anesthetize individuals is needed. However in the meantime submersion in Cl 2 Mg 7.5% for at least 10 minutes is to be used and the use of terminal anesthesia in 10% ethanol as it is used in cephalopods should be considered (Moltschaniwskyj et al., 2007) . For scientific purposes the Reduction principle applies, design of experiments is to be done with the minimal number of animals as statistically possible. These points are summarized in tables 1 and 2.
FINAL CONSIDERATION
Is there any reason why we should not use ethics when working on echinoderms? This is a valid question every scientist and teacher should ask. We expect that the thoughts expressed in this work can be used as a starting point to think over our actions when doing research and teaching with echinoderms. We should always keep in mind that echinoderms are livings beings and they deserve an ethical consideration.
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